Seismic energy release is dominated by the underthrusting earthquakes in subduction zones, and this energy release is further concentrated in a few subduction zones. While some subduction zones are characterized by the occurrence of great earthquakes, others are relatively aseismic. This variation in maximum earthquake size between subduction zones is one of the most important features of global seismicity. Previous work has shown that the variation in maximum earthquake size is correlated with the variation in two other subduction zone properties: age of the subducting lithosphere and convergence rate. These two properties do not explain all the variance in maximum earthquake size. I propose that a third subduction zone property, "trench sediments", explains part of the remaining variance in maximum earthquake size. Subduction zones are divided into two groups: (1) those with excess trench sediments, and (2) those with horst and graben structure at the trench. Thirteen of the 19 largest subduction zone events, including the three largest, occur in zones with excess trench sediments. About half the zones with excess trench sediments are characterized by great earthquake occurrence. Most of the other zones with excess trench sediments but without great earthquakes are predicted to have small earthquakes by the age-rate correlation. Two notable exceptions are the Oregon-Washington and Middle America zones. Overall, the presence of excess trench sediments appears to enhance great earthquake occurrence. One speculative physical mechanism that connects trench sediments and earthquake size is that excess trench sediments are associated with the subduction of a coherent sedimentary layer, which at elevated temperature and pressure, forms a homogeneous and strong contact zone between the plates.
Introduction
Most of the largest earthquakes occur in subduction zones and represent the underthrusting of the oceanic lithosphere. Beyond this basic observation, subduction zone seismicity presents many puzzling features. One rather remarkable feature is the variation in maximum earthquake size between subduction zones: this variation is more than three orders of magnitude as measured by the seismic moment. To emphasize this range in characteristic earthquake size, the Chilean 1 Department of Geological Sciences, University of Michigan, Ann Arbor, MI 48109, U.S.A. Larry J. Ruff PAGEOPH, subduction zone frequently generates giant earthquakes with fault area dimensions reaching hundreds of kilometers, widespread strong shaking, and destructive tsunamis. On the other hand, underthrusting in the Marianas arc will occasionally generate a magnitude ~7 earthquake. As another illustration, since the seismic energy release is dominated by the largest events (see, for example, GUTENBERG and RICHTER, 1954), a map of the total seismic energy release in the twentieth century would show a high concentration in some subduction zones while others would be virtually "aseismic". Understanding this variation in large earthquake occurrence is a fundamental pursuit in seismology. Two lines of inquiry into this subject will be followed: (1) the relationship between maximum earthquake size and other subduction zone "parameters", (2) observations and models of the earthquake rupture process. The above two approaches are not the only lines of study into the subject, but several investigators have made progress using these approaches. The first approach can explain much of the variation in maximum earthquake size, though significant deviations remain. On the other hand, the second approach explains the occurrence of great earthquakes in terms of the strength distribution of the plate interface. In this paper, I propose that the presence or absence of trench sediments forms a link between the two approaches. In particular, trench sediments seem to enhance seismic coupling. I will first briefly review some of the relevant results on seismic coupling and the rupture process, then proceed with a short discussion of trench sediments, and finish with a global survey on the association of excess trench sediments with great earthquakes.
Global Variation in Seismic Coupling
KANAMORI (1971a) noted that interplate seismic coupling varies systematically in the subduction zones of the northwestern Pacific. He equated the maximum earthquake size in a region with seismic coupling. At that time, KANAMORI explained the variation in seismic coupling by an evolutionary process, whereby the upper plate contact surface degrades. UYEDA and KANAMORI (1979) presented a global perspective and discussed the possible interconnection between several subduction zone parameters. Their paper promoted the approach of "comparative subductology": using global comparisons of the essential characteristics of subduction zones to uncover important aspects of the subduction process. UYEDA and KANAMORI included seismic coupling as an essential characteristic, and suggested that the kinematic parameter of upper-plate absolute velocity exerts a strong influence on coupling. RUFF and KANAMORI (1980) then focussed on seismic coupling, and established that maximum earthquake size is significantly correlated with two parameters: convergence rate /ind age of the subducting oceanic lithosphere. In particular, great earthquakes tend to occur in subduction zones with
